The goal of total laparoscopic aortic repair is to achieve the same outcome as open repair without invasive laparotomy. Great progress toward this goal has been made since total laparoscopic aortic repair was first reported by Dion. 1 The left retrocolic approach described by Coggia et al. 2 greatly simplified the technique and was used in this series. However, despite its potential advantages and feasibility, total laparoscopic aortic repair is still used in only a few centers. [3] [4] [5] The purpose of this article is to present preliminary experience with total laparoscopic aortic repair disease in 95 patients treated for occlusive or aneurysmal disease at the University Hospitals of Poitiers and Toulouse, France. The first 70 patients were treated in Toulouse and the last 25 in Poitiers where the technique is was developed under the instruction of the first author. This series does not include 26 procedures performed at other centers for teaching purposes, two patients who underwent totally laparoscopic aortorenal bypass graft, three patients who underwent total laparoscopic thoracobifemoral bypass, and six patients who underwent total laparoscopic repair by direct transperitoneal approach with a dedicated laparoscopic retractor. 6 
Patients and Methods
Between September 2002 and May 2005, we performed a prospective study of 95 total laparoscopic aortic procedures including 72 for aortic occlusive disease (group A) and 23 for abdominal aortic aneurysm (group B). During the same period of time, 63 patients underwent elective open aortobifemoral bypass for occlusive disease, 192 patients underwent iliac stenting, 206 patients underwent conventional aorto-aortic or aorto-iliac bypass for abdominal aortic aneurysm (AAA), and 37 patients, who were unfit for surgery, underwent endovascular aortic repair (EVAR).
Group A (occlusive disease) included 63 men and nine women with a mean age of 60 years (range, 42-83 years). The presenting symptom was severe intermittent claudication in 50, ischemic rest pain in 15, and tissue loss or gangrene in seven patients. Fourteen patients had undergone previous open abdominal surgery (pancreatic surgery (nZ1), colonic surgery (nZ3), open cholecystectomy (nZ6), gastrectomy (nZ2), and appendectomy). Preoperative data including risk factors and American Society of Anesthesiology (ASA) classification are summarized in Table 1 . All patients underwent complete preoperative investigation including duplex-scan and angiography. Using the TransAtlantic Inter-Society Consensus (TASC) scale, 7 patients were classified as TASC C in seven cases and TASC D in 65. Computed tomography (CT) was performed to assess the extent of aortic or iliac calcification and detect the presence of possible venous anomalies and particularly the existence of a left retro-aortic renal vein. Coronary angiography was performed in patients with abnormal cardiac scintigraphy or left ventricular ejection fraction less than 30%.
Group B (aneurysmal disease) included 21 men and two women (Table 2 ) with a mean age of 68 years (range, 51-79 years). Preoperative data including risk factors are summarized in Tables 2 and 3 . All patients underwent CT-scan with three-dimensional reconstruction. Angiography was performed if aneurysm was associated with iliac occlusive disease. The median aneurysm size was 53 mm (range, 34-75 mm). Two patients with aneurysms less than 50 mm in diameter were operated on due to concurrent severe iliac occlusive disease. For aneurysmal disease, we restrict the use of laparoscopic surgery to patients whose aneurysm was limited to the aorta with no iliac extension. In these cases, revascularization can usually be achieved using a straight aorto-aortic graft.
Surgical Technique
Total laparoscopic aortic repair was performed by the transperitoneal, retrocolic approach 2 in both group A (occlusive disease) and group B (aneurysmal disease). The patient was placed in the dorsal decubitus position with an inflatable bolster under the left flank. Two supports were placed on the right thorax and flank in order to retain the patient when the table was titled to the right (458) and the bolster was inflated (358). After these maneuvers, i.e. tilting and inflation, the patient was in the complete right lateral decubitus position ( Fig. 1 ). Using this positioning technique, the patient can be shifted from the right lateral decubitus position used during exposure of the aorta to the dorsal decubitus position used during exposure of the femoral artery simply by adjusting the tilting angle of the operating table.
During the procedure, the operating surgeon and first assistant stood in front of the patient's abdomen and the second assistant stood opposite the operating surgeon ( Fig. 2 ). Currently, we use an arm system to hold the camera. A 10 mm trocar was placed by open technique in the left midaxillary line 3-4 cm below the costochondral junction. The other five trocars were introduced under visual control after establishing pneumoperitoneum at a pressure of 15 mmHg. The two operating trocars, i.e. trocar #2 for scissors and needle holder and trocar #3 for fenestrated forceps, were placed 6-7 cm apart in the left transrectal line parallel to the midline. The two trocars for the first assistant, i.e. trocar #4 for suction catheter and trocar #5 for fenestrated forceps and then the distal clamp, were introduced in the left iliac fossa and on the midline 5 cm from the pubis. The last trocar, i.e. trocar #6 for the proximal clamp, was positioned in the midline 2 cm below the xiphoid process. The left lateral retrocolic approach involved left colon dissection to achieve prerenal exposure of the aorta. The fascia was incised from the left colic angle to the meso-sigmoid to allow complete dissection of the left mesocolon. After identification of the genital vein, dissection was continued to the left renal vein that was completely mobilized. With the patient in the right lateral decubitus position, the intestinal loops collected on the right side of the abdominal cavity ( Fig. 3 ). Using sutures the mesocolon was attached to the abdominal wall to form an apron that provided stable exposure of the aorta (Fig. 4 ). In patients with large kidneys, sutures through the Gerota's fascia were used to hold the left kidney out of the operating field.
The infrarenal aorta was exposed by opening the surrounding lymphatic tissue using coagulating scissors. Use of a 30 or 458 angled viewing endoscope facilitated circumferential aortic visualization required for proximal clamping. Mobilization of the renal vein was necessary to expose the juxta-renal portion of the aorta. If necessary, exposure was extended by retropancreatic dissection to include the suprarenal aorta. Dissection was extended to the common iliac artery after control of the inferior mesenteric artery. For exposure of the femoral arteries, the table was brought back to the flat position and the bolster was deflated. After femoral exposure, the table was tilted back to the right to allow introduction of the bifurcated prosthesis Proximal and distal aortic clamping were placed with laparoscopic clamps [B/Braun/Aesculap, Tuttlingen, Germany] introduced through trocars #5 and #6. The anastomosis between the aorta and prosthesis was made with two hemisutures under total laparoscopic guidance. The suturing process was performed using an 18 cm long segment of 3/0 polypropylene suture blocked with a pledget at the end to avoid having to tie the first knot. This method reduced suture time and mechanical trauma. As in traditional open surgery, either an end-to-side or end-to-end anastomosis was used for treatment of occlusive lesions (group A). The left hemi-suture was performed first stopping at the toe of the prosthesis. The right hemi-suture was made in similar fashion and the two hemi-sutures were tied under laparoscopic vision ( Fig. 5 ). For end-to-end anastomosis, the infrarenal aorta was transected with excision of a 3 cm aortic collar to close the distal aortic stump using a back-andforth 3/0 polypropylene suture. The left branch of the prosthesis was then tunneled and the table was brought back to the flat position. Distal anastomoses to the common femoral arteries were performed conventionally. After removing the clamp, careful laparoscopic inspection should be performed to check hemostasis of the distal aortic stump and proximal anastomosis.
For abdominal aortic aneurysm (group B), left iliac clamping was performed through an additional trocar introduced in the left iliac fossa or with releasable laparoscopic clamp [B/Braun/Aesculap, Tuttlingen, Germany]. Right iliac clamping was performed through an infra-umbilical trocar. After proximal and distal aortic cross clamping, two transparietal stitches placed in the right and left sides of the aneurysm sac were used to spread the edges the sac after opening. Mural aortic thrombus was removed in an endobag. The lumbar arteries were controlled by placing an endoclip via the external route or after opening the aneurysmal sac using a 4/0 polypropylene X-suture. The proximal neck was completely transected to facilitate the aortic suture process. The prosthesis with the distal end closed was then introduced into the abdominal cavity. End-to-end proximal and distal anastomoses were fashioned as previously described using two 3/0 polypropylene hemi-sutures blocked with a pledget (Fig. 6 ). The aneurysmal sac was closed using 4/0 absorbable suture. Without attachment to the wall, the mesocolon was positioned under videoscopic control so as to isolate the prosthesis. Exsufflation of the pneumoperitoneum was performed through a suction drain. Postoperatively, all patients in group A and B received intravenous narcotics via a patient-controlled analgesia (PCA) pump for a median duration of 1.3 days (range, 1-3 days) followed by oral analgesics. Nasogastric tubes were removed in the recovery room.
Results
In group A (occlusive disease), laparoscopic aortic repair was successfully completed in 70 of the 72 patients. Conversion to open repair was required in two patients due to technical difficulties caused by extensive aortic calcification. Knitted polyester prostheses were used in all patients. An aortobifemoral graft was used in 66 patients and aortounifemoral grafts in four patients. Proximal aortic anastomoses were fashioned end-to-side in 44 procedures and endto-end in 26. Three patients required suprarenal cross clamping because of extensive aortic calcification. In 34 patients, distal anastomosis for aortobifemoral bypass was performed on the deep femoral artery due to the presence of extensive calcification at the femoral bifurcation. Mean operating time in group A was 216G50 min with a mean cross-clamp time of 57G21 min. Median blood loss was 450 mL (range, 150-2250 mL). Median body temperature at the end of the operation was 35.5 8C (range, 33.1-37.8 8C). All procedures were carried out using a heating blanket and a CO 2 insufflator with a gas warmer.
There were three major complications (4.1%) necessitating re-intervention in group A. One patient developed a large retroperitoneal hematoma in the area of retrocolic dissection required surgical drainage. Another patient required surgical treatment on 16th postoperative day for acute lower limb ischemia due to embolism after clamp-related disruption of a aortic plaque. The third patient developed early graft infection that was treated by open surgery with in situ placement of a cryopreserved aortic allograft.
In addition, four minor complications occurred (5.6%), lymphocele in three cases and pulmonary atelectasis in one. In one patient who had undergone previous abdominal radiation therapy the lymphocele involved the abdominal cavity and the other two cases involved the femoral region with no graft infection. Median duration of intensive care was 1 day (range, 1-2 days). Median duration of hospitalization was 8 days (range, 5-42 days). Mean follow-up in group A was 17 months (range, 1-31 months). All 70 patients who underwent successful laparoscopic repair recovered completely and had patent grafts. Two patients developed significant restenosis requiring surgical patch angioplasty at the femoral anastomosis.
In group B, totally laparoscopic repair was successfully completed in 16 of the 23 patients. Conversion to open surgical conversion was required in seven patients. All conversions were related to the learning curve and to our self-established policy of converting to open repair if aortic clamping could not be achieved within 2 h after the beginning of the laparoscopic procedure. Mean operating time was 251G57 min with a mean cross-clamp time of 101G15 min (range, 35-230 min). Median blood loss was 1500 cm 3 (range, 450-3750 cm 3 ). Median body temperature at the end of the operation was 35.9 8C (range, 34.4-37.5 8C).
One patient in group B died during the postoperative period from pulmonary embolism. In addition, there were five postoperative complications (22%). One patient developed a retroperitoneal hematoma and one patient had ischemia of the lower limbs requiring redo laparoscopic aortobifemoral bypass. This patient had severe iliac occlusive disease that was not treated during the initial procedure. The other three postoperative complications included transient renal insufficiency that resolved without dialysis in one case and lung atelectasis in two. Median duration of intensive care was 1 day (range, 1-2 days). Median length of hospitalization was 6.4 days (range, 4-12 days). Mean follow-up in group B was 14 months (range, 1-23 months). All grafts were patent at the end of follow-up.
Discussion
This series of 95 consecutive procedures confirms the feasibility of total laparoscopic repair with acceptable operative morbidity and midterm patency. To better understand the utility of the procedure, patients were divided into two groups according to whether they presented with aortic occlusive disease (group A) or infrarenal abdominal aortic aneurysm (group B). This distinction was made because these two indications differ with regard to technical challenges that they present and the technical alternatives that are currently available to the vascular surgeon.
Although aortofemoral bypass remains the goldstandard treatment for TASC C and D occlusive disease, 7,8 satisfactory results can now be achieved using state-of-the-art angioplasty technologies in some patients with extensive lesions once treated exclusively by open surgery. 9 To ensure that the best treatment was offered, each patient in group A was evaluated at a multidisciplinary staff meeting. Laparoscopic repair was proposed only for patients eligible for open aortofemoral bypass. All patients were classified TASC C or TASC D. During the study period, 192 patients classified TASC A or TASC B underwent angioplasty and iliac recanalization.
Detection of extensive aortic and iliac calcification was not considered as a contraindication for laparoscopic repair. However, it does represent a major operative risk since manual palpation of the aorta is not possible during laparoscopy. In this regard, it should be stated that preoperative CT scan to select the optimal site for aortic clamping is crucial for all patients being considered for laparoscopic repair. Based on preoperative CT scan findings, suprarenal cross clamping was used in three patients in group A.
A likely explanation for the absence of postoperative deaths in group A was exclusion of all patients with severe coronary artery disease not amenable to coronary revascularization. This policy was decided because previous findings have shown that creation of pneumoperitoneum and placement of the patient in the right lateral decubitus position impair myocardial perfusion and increase the risk of coronary complications. 10 Morbidity in group A was low (4.1%). Only one patient developed respiratory complications. This finding is consistent with one of the main advantages of the minimal invasive approach, i.e. reduction in postoperative pain. 10, 11 Because patients experience less pain, they are able to breath spontaneously within hours after the procedure thus lowering the risk of respiratory complications. One patient developed acute postoperative ischemia after embolism of disrupted atheromatous plaque following aortic clamping. Another patient developed early graft infection probably due to contamination by infected aortic thrombus. A similar case of infection has been reported elsewhere. 10 The duration of hospitalization for patients undergoing laparoscopic repair was comparable with that of patients undergoing conventional open repair. 12, 13 The explanation for this finding is that the duration of hospitalization depends less on the technique used to access the aorta than on healing of the femoral bifurcation. However, one complication in our experience was directly related to laparoscopy, i.e. a large retroperitoneal hematoma requiring surgical drainage. Since this complication, we have implemented several preventive measures, i.e. checking hemostasis after decreasing pneumoperitoneal pressure from 12 to 6 mmHg at the end of the procedure and placement of a suction drain in the retrocolic dissection zone.
In contrast with data from group A showing that laparoscopic repair was an effective alternative to conventional open repair with the same indications and potential for revascularization in patients with occlusive disease, data from group B showed that laparoscopic repair is more problematic in patients with aneurysmal disease. Laparoscopic repair of abdominal aortic aneurysm is a challenging technique used only in a few centers with extensive experience in laparoscopic surgery. In this series, we restrict the use of laparoscopic surgery to patients whose aneurysm is limited to the aorta with no iliac extension. In these cases, revascularization can usually be achieved using a straight aorto-aortic graft.
The added difficulty with aortic aneurysm does not come only from laparoscopic suture of the aorta but from exposure and dissection of the aneurysm that requires extensive skill and experience. The difficulty comes not only from the size of the aneurysm but also from inflammation that frequently accompanies such lesions.
Another major problem associated with laparoscopic repair of aneurysmal disease involves hemostasis of the lumbar arteries by the laparoscopic route. Performing hemostasis by clip placement before opening the aneurysmal sac carries the risk of venous injury during dissection of the aneurysm. Conversely, performing hemostasis after opening the aneurysmal sac leads to reflux bleeding from the lumbar arteries that must be controlled by continuous suction. Continuous suction is a problem because it reduces the volume of the operative cavity. A high-flow insufflation device can be highly useful in such cases. In addition, design of a system specifically for hemostasis of the lumbar arteries could greatly simplify the operative technique.
The duration of total laparoscopic procedures and clamping times decrease as a function of the operator training and experience but is always longer than for conventional surgery. 3 Clamping times in the various series have ranged from 67.5 to 81.4 min with the longest time being associated with end-to-end anastomosis during totally laparoscopic procedures for aneurysm (Table 4 ). Some operators have proposed the use robotic systems to deal with this problem. However, these systems do not simplify the procedure and add significantly to its cost, and, even though suture time may decrease, no operators have reported a significant decrease in overall operating time. 4, 14, 15 In our department we follow a self-established policy of systematically converting to open surgery if cross clamping has not been achieved within 2 h after beginning the laparoscopic procedure. Adherence to this policy accounts for the high conversion rate (33%) in our group B. Improvement of current instrumentation should make laparoscopic repair more accessible to operators with sufficient training on pelvitrainers or cadavers. At the present time, the utility of laparoscopic surgery for repair of abdominal aortic aneurysms is still unclear. 16 Analysis of the outcome of total laparoscopic aortic repair in this series of 95 consecutive procedures demonstrates that the technique is feasible with low postoperative mortality and morbidity. However, operators must acquire first a perfect knowledge of human anatomy by performing cadaveric dissection and skilful laparoscopic technique by training intensively on a pelvitrainer. The main benefits for the patient are reduced postoperative pain and quicker recover. It is also likely that there will be fewer postoperative respiratory and parietal complications. A multicenter randomized study will be needed to ascertain the benefits of laparoscopy-assisted repair in comparison with open repair in centers of excellence. 
